Glucose metabolism is essential for heart physiology, especially in ischemic conditions. Anaerobic glycolysis participates along with aerobic fatty acid oxidation in generating energy supply, and the balance is shifted towards fatty acids. In the case of aerobic path restriction due to coronary artery disease (CAD), this ratio changes. The aim of the present research was to discover the aspects of glycolysis in cardiac electrophysiology. We utilized the normalized (by average value) T wave amplitude deviation values, named the G criterion, from high-resolution, 12-channel, 120-seconds-long electrocardiograms, which were obtained using DACG technology. The calculated G criterion allows a quantitative assessment of the ischemic process and corresponds to the functional class (FC) according to the Canadian cardiovascular classification. We examined 22 healthy people and 79 proven CAD patients: 24 II FC, 40 III FC and 15 IV FC by original ECG and fasting blood sugar tests. A strong correlation was found between the average G criterion from all 12 channels and the level of fasting blood sugar (r = +0.88). In the control group, blood sugar levels were 91 ± 6.5 mg/dl, II FC 103 ± 14.8 mg/dl (p < 0.01), III FC 113 ± 23.4 mg/dl (p < 0.001), and IV FC 152 ± 42.4 (p < 0.001). Moreover, the correlation factor (average G criterion and blood sugar) was strong and positive in each group: control +0.72, II FC +0.83, III FC +0.76, and IV FC +0.89. For the first time, heart electrical activity from the ECG curve was associated with high glucose level as one of the main CAD risk factors. The presence of such dependence of increased blood sugar level from the severity of the ischemic process in the myocardium indicates that hyperglycemic reaction is adaptive and can accelerate the anaerobic glycolysis for energy demand compensation in heart muscle.
Introduction
Coronary artery disease (CAD), also known as ischemic heart disease (IHD), is a condition in which there is an inadequate supply of blood and oxygen to a portion of the myocardium. It results in higher morbidity, mortality, and medical costs than any other illness in the developed world. Though it may affect individuals at any age, it is much more common in older ages. The risk approximately triples with each decade of life.
IHD typically occurs when there is an imbalance between energy supply and demand. The most common cause of myocardial ischemia is an atherosclerotic lesion of the epicardial coronary arteries sufficient to cause a regional reduction in myocardial blood flow and inadequate perfusion of the myocardium supplied by the involved coronary artery.
Adenosine triphosphate (ATP) is the main transporter of chemical energy, and cardiac muscle can use a variety of substrates to oxidatively regenerate ATP depending on the availability: mostly fatty acids, glucose, lactate, and ketone bodies; amino acids are rarely used [1] . The substrate availability is created by different metabolic environments such as fasting, feeding, exercise, various of neurohumoral factors [2] [3] [4] .
Early studies in animals and human [3] [4] showed that after an overnight fast, the heart extracts free fatty acids (FFA), lactate, and glucose from the blood. If one assumes complete oxidation of extracted substrates, then fatty acids are the major oxidative fuel for the heart (60% -100% of the oxygen consumption) with a lesser contribution from lactate and glucose (0% -20% from each) [3] [5] [6] . During exercise, the predominant substrate of heart energy is lactate because lactic acid plasma concentrations significantly increase and replaces the glucose from metabolism circle [7] [8] .
Ischemic myocardium in the low oxygen conditions can utilize the carbohydrates including glycogen from glucose for anaerobic ATP supply with production of lactic acid in the cells. These metabolic changes force the myocardial cells to increase their glucose uptake leading to glycogenolysis and glycolytic flux [9] [10]. In moderate ischemia (reduction of coronary flow by 75%), glucose uptake remains unchanged, while glucose extraction increases and metabolism of glucose is directed from oxidation to lactate production [11] .
In severe ischemia, myocardial glucose extraction is inversely related to coronary flow until the degree of ischemia becomes so severe that glycolysis is inhibited by the accumulation of its products [12] [13] . Glycolysis is partially inhibited, and glucose uptake progressively decreases. Protons, Na + and Ca 2+ continue accumulating. The decline of glucose uptake during prolonged severe ischemia may be attenuated by various interventions protecting the heart against ischemic injury such as an increase in the extracellular glucose concentration or addition of insulin [14] [15] [16] [17] [18] . These interventions promote glucose uptake to meet the increased demand for glucose moieties as an energy source. The Canadian Cardiovascular Society grading of angina pectoris allows for quantitative and nearly precise assessment of the severity of angina pectoris. The limitation of this classification is the subjectivity of a patient's complaints, which depend on the individual's sensitivity. In previous studies we discovered correlation between normalized T-wave amplitude deviation (NTWaD), i.e., the G-criterion, and the functional classes according the Canadian Cardiovascular Society. Dividing the maximum and minimum values of NTWaD or G-criterion in ischemic and normal zones of the heart can quantitatively assess the severity of the ischemic process in myocardium regardless of the patient's sensitivity and complaints. Other work with nitrate administration proved our theory-G-criterion reflects the ischemic status of myocardium and is useful in drug efficacy administration control in real-time [19] [20] .
In another work, we showed that differences between normalized T-wave time deviation values (NTWtD) from different ECG channels can detect coronary artery disease with high accuracy including the approximate percentage of lesions and their localization. This finding explains why T wave time reflects an aerobic process in the myocardium. They are disturbed by ischemia with an accumulation of protons, reduction of intracellular pH, and increased lactate production. The maximum concentration of these metabolites injures myocardial cells and causes necrosis. Moreover, the maximum values of NTWtD corresponded to acute myocardial infarction development in the nearest 24 -48 hours. These findings encourage us to explore the metabolic processes that underlie T-wave and T-wave deviation.
Methods
We used the technology Digital Analytic Cardiography (DACG) that was based on in-depth analysis of temporal and amplitude parameters of well-known electrocardiography (ECG) parameters [19] . The 12-channel usual electrocardiograph Amedtec Cardio Part 12 USB in rhythm mode was used for this goal. The fundamental differences and common ECG device are as follows:
The resolution of analog to digital converter of ECG device with sample rate 8000 Hz [125 µs] in time and resolution 1 µV/LSB in amplitude measurements. ECG baseline wandering, electromagnetic power line interference and muscle trembling was cancelled by 0.5 Hz, 50 Hz and 35 Hz (low pass) filters, as the aim of our work was to characterize a deviation values, not absolute ones.
After adaptation in the lying position, disposable contact silver/silver chloride electrodes were attached to each patient: four limb leads and six precordial leads. The recording was performed in all the 12 channels simultaneously for 240 seconds as required for 200 PQRST-complexes. The data were then transferred from the ECG device to a computer. The ECG recordings were processed with the manufacturer's software to calculate the G and L criteria.
It is known that the first ischemic changes are represented on the surface ECG by T wave abnormalities (hyper-acute, inverted, biphasic and flat) and ST-segment changes (elevation or depression). F calculate the G-criterion, we use the T-wave amplitude from each of the 12 channels separately. T wave amplitudes for each heartbeat were assessed from the baseline taken from PR segment level.
We characterized the 200 T-wave amplitudes with standard deviation and average values (Figure 1) . To calculation the G-criterion, we relate the standard deviation of 200 T-wave amplitudes (Twa) to the average value. For convenience of result presentation, we reduce the values to one. We then compared the G criteria from each channel, which reflects the different parts of the heart. The differences in criteria between channels gives us quantitative features of the ischemic zones and non-ischemic zones in the myocardium. We then relate the maximum or ischemic value of the G-criterion from one channel to the minimum or non-ischemic value of the G-criterion from another channel to calculate the second order G-criterion (SOGdiff criterion).
It is known that glycolysis plays a crucial role in cardiac metabolism-especially in ischemic conditions; thus, we decided to first compare fasting glycaemia level with SOGdiff criterion. CAD often affects vast amounts of cardiac muscle, and it is logical to include the SOG criterion for all available G criterion values from all channels. Consequently, we calculated average value from G criterion values from one record and named them the averaged SOG criterion (SOGave criterion).
Glucose in blood is the most frequent analyzed parameter in a clinical chemistry laboratory. The fasting blood sugar test was made in the morning before breakfast in all cases. It was recommended not to eat or drink except water for at least 8 hours before having a blood glucose test. Later, for patients with diabetes, glucose levels are often checked both while fasting and after meals to reveal blood glucose curves and corrections. Here, we utilized only fasting blood level (in mmol/l) assessed by hexokinase kits.
Materials
This study examined four groups of patients: The first group included 22 young healthy people aged 34 ± 9.3. The second group includes 24 patients aged 50.8 ± 8.2 with II FC, 40 patients aged 58.1 ± 7.7 with III FC, and 15 patients aged 64.9 ± 10.2 with IV FC. The diagnosis was confirmed in all 79 cases by resting ECG examination, stress testing, and (in 63 cases) by invasive coronary angiography (moderate CAD-19 and severe CAD-44 patients). Starting from the special DACG examination and fasting blood sugar testing, all patients from II, III, and IV FC administrated antianginal and hypotensive therapy. Of the 79 patients, only 8 took hypoglycemic and insulin treatment because the blood sugar tests were made before blood sugar analyses.
In current study, we did not include patients with atrial fibrillation, atrial flut-World Journal of Cardiovascular Diseases tering because permanent f and F waves from chaotic atrial electrical activity seriously disturbs the baseline and original T wave deviation. Both SOGdiff and SOGave criteria were analyzed separately. In our previous articles, we proved the dependence of SOGdiff from functional classes according to CCS. However, the correlation of SOGdiff and blood glucose turned out to be weak (r = +0.17) in all examined cases. The utilization of SOGave was alternative data and corroborated our theory (Figure 2 ).
Statistical Analysis

Results
Strong correlation (r = +0.88) between SOGave criterion and blood glucose level was found. Figure 2 
Discussion
T-wave amplitude deviation can assess the degree of repolarization process in both normal and in ischemic myocardium in each channel. Such pathological processes are usually evoked in with insufficient blood flow or oxygen supply for aerobic production of ATP in cardiomyocytes. This results in ATP compensation by anaerobic pathways including anaerobic glycolysis, but this is quite limited [21] [22] . In normal or non-ischemic myocardium, the energy produced by fatty acids accounts for approximately 70% of the energy with glucose accounting for 30%; this ratio changes in ischemic conditions [8] [21]- [26] .
Moderate ischemia is a more oxygen-intensive but more efficient approach to fatty acid oxidation. It continues to dominate cardiomyocytes that reflect in beat-to-beat instability of ATP formation [7] Potassium channels are very sensitive to the level of ATP production-especially ATP-dependent K + channels. In normal, non-ischemicmyocardium, the high level of ATP is constantly maintained, and these channels remain closed.
The channel opens in cases of overloading of the heart, hypoxia, or ischemia.
This causes additional K + current from the cell. The blockade of K (ATP) channels with a high intracellular concentration of ATP prevents the development of metabolic adaptation of the myocardium to ischemia [29] . This worsens the functional parameters of the cardiovascular systemand leads to greater cardiac ischemic damage.
However, in case of decreasing of intracellular ATP concentration, the activation of K(ATP) channelspromotes the metabolic adaptation of myocardium to ischemia. This process causes a slight mechanical activity reduction of cardiomyocytes due to lowered action potential duration [30] . Consequently, in myocardium, the bond between metabolic instability-including the instability of the formation of ATP and K (ATP) channels activity-and repolarization processes is obvious.
In addition to K (ATP) channels, Ca 2+ sensitive potassium channels also play a significant role in the repolarization process and can be strongly affected by ischemic process-especially when ischemia-induced fall in intracellular pH is A difficult task facing the practitioner is how to evaluate the elevated blood glucose level in CAD patients. If cases of diabetes mellitus, it is absolutely necessary to normalize carbohydrate metabolism. But if this increase glycaemia is a compensatory reaction of the organism to preserve the level of ATP production, then decreased blood sugar complicates the anti-ischemic therapy. It is known that approximately 21% of CAD patients are asymptomatic [36] . In these cases, if patient has high blood sugar level without clinical presentation of myocardial ischemia, it is necessary to exclude CAD along with carbohydrate metabolism disturbance or possible diabetes mellitus type 2.
Conclusion
We show here for the first time a strong correlation between blood sugar level and the ECG criterion. The G criterion shows the instability of the repolarization process, and this relationship allows us to judge hyperglycemia as a risk factor and compensation process in ischemic conditions. Myocardial glucose metabolism depends not only on the deepness of the ischemic process but also on theoverall heart volume mass involved in ischemic process. The experimental data and high correlation of blood glucose with T wave deviation pattern, especially in normal group, allows us to presuppose that glycolysis exactly plays a crucial role in heart repolarization and influence on the speed of relaxation process both in healthy and CAD cases.
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